This methodological article provides a Mixed Method approach to analyze how the Teaching Personal and Social Responsibility (TPSR) Model is feasible to enhance student's autonomy. The objective is to detect how teachers' behavior-oriented patterns shift in response to continuing professional development to reinforce TPSR strategies. We compared the application of TPSR by three teachers who had previously attended a training course for this model, with that of an expert in the model. A total of 44 sessions of primary and secondary school semesters in various subjects, taught by all four teachers and comprising 120 students. A mixed-method approach followed in the study involved: (a) the Observational System of Teaching Oriented Responsibility (OSTOR), which revealed how the teachers' behavior patterns shifted over their interventions, and (b) the Tool for Assessing Responsibility-Based Education (TARE 2.0.), which focused on perceived behaviors by teachers and student behaviors. Data analysis was conducted for (a) the T-pattern detection technique, (b) polar coordinate analysis to obtain detailed sequences of instruction, and (c) descriptive and correlational analysis from the TARE. The mixed-method analysis of data confirms how the TPSR improved the teaching behaviors of the three teachers in training compared with the expert teacher.
INTRODUCTION
Innovation in pedagogy has been shaped by great paradigms and educational perspectives moving through diverse theories such as the maturational and sociocultural theories that promote the educational involvement of social and cultural agents (Bandura, 1977; Vygotsky, 1978) . In order to develop them, however, educational methods range widely from the direct instruction method, where the teacher is the main axis, to constructivist principles or scaffolding, where children build their own learning. Alongside educational methods, various teaching procedures and strategies relating to learning and teaching styles, such as problem-solving, have been deployed (i.e., Kluge, 2008) . In sum, paradigms, theories, methods, procedures, and strategies are always linked in order to convey the teacher's style (Castañer et al., 2010 (Castañer et al., , 2013a Waring and Evans, 2015) . In this study we focus on the Teaching Personal and Social Responsibility model (TPSR, Hellison, 1978 Hellison, , 1985 as a pedagogical model that enhance personal and social responsibility.
Enhance Personal and Social Responsibility
The Teaching Personal and Social Responsibility model (TPSR, Hellison, 1978 ) is a curriculum and pedagogical model based on the assumption that students need to learn to be responsible for themselves and others in order to socially interact in a suitable way (Hellison, 1985) , and this is a goal that is implicitly included in current Spanish legislation. "One of the principles on which the Spanish Educational System is based on the transmission and implementation of values that favor personal freedom, responsibility, democratic citizenship, solidarity, tolerance, equality, respect, and justice" (LOMCE, 2013 ). The TPSR model-based program suggests five levels of responsibility: (1) respect for the rights and feelings of others; (2) self-motivation; (3) self-direction; (4) caring; and (5) transfer "outside of the gym" (Hellison, 2011) . Moreover, the TPSR model-based program provides a specific lesson plan format, as well as teaching strategies to support the implementation program, which teachers adapt to their context. This model is regarded as one of the most effective approaches in terms of developing values in adolescence, given the positive results it has achieved (Escartí et al., 2010a) . It has been applied in numerous studies which relate it to improvements in responsibility levels (Hellison and Wright, 2003) , self-efficacy levels (Escartí et al., 2010a) , cognitive, participation, and relatedness improvements (Likfa, 1990) , self-control and sportiness (Cecchini et al., 2007) , cognitive improvement (DeBusk and Hellison, 1989) , and interpersonal skills (Cutforth and Puckett, 1999) , as well as to better grades and lower levels of absenteeism (Wright et al., 2010) . Furthermore, life satisfaction and lower academic stress are strongly related to personal responsibility levels and to academic performance (Smithikrai, 2013) .
Some of these variables (sportsmanship, violence, and personal and social responsibility) have been linked in studies in PE classes and in school sports, showing how encouraging sportsmanship or personal and social responsibility can prevent violent behaviors (Sáenz et al., 2012) . Several studies have demonstrated that although teachers' adherence to the TPSR model was deemed moderate, the strategies they used to foster responsibility were significantly correlated with students' increasingly responsible behaviors (Escartí et al., 2018; Sánchez-Alcaraz et al., 2019) . This evidence points to the need for more in-depth educational research in this line of action. In this study we apply a mixed-method approach involving two specific techniques: T-pattern detection, to detect repeated behavioral patterns, and polar coordinate analysis, to detect significant associations between teaching behaviors in various curricular subjects.
Professional Development for Teachers
Continuing professional development (CPD) for teachers is considered crucial for moving away from traditionally dominant pedagogical practices, such as PE practices, to meet the needs of contemporary students (Armour et al., 2017) . Unfortunately, there is no clear evidence of an effective form of CPD. Moreover, pedagogical changes among teachers are considered to be evidence-based and dependent upon teachers' understanding of student responses to their instructional approach (Goodyear et al., 2014) . Sadly, this is no easy task and demands complex research projects to connect teacher practice and student learning. However, there has been a call to assess the impact of sustained school-based CPD on teacher practices and student learning to gain new insights into the characteristics of effective programs.
Due to the importance of the TPSR as one of the best models for promoting values, responsibility, and life skills, several studies (Pozo et al., 2016) place particular importance on future research going forward in two directions: (a) the TPSR application requires surveillance and professional assessment; and (b) longitudinal studies with follow-up data and ad hoc methodological designs. This study takes into account the first direction because the TPSR model emphasizes a strong teacher-student relationship, and throughout the teaching process of the study teachers followed a CPD (Hemphill et al., 2015) . Moreover, this study takes into account the second direction because it has implemented a mixed-method design (Anguera et al., , 2014 Camerino et al., 2012; Castañer et al., 2012 Castañer et al., , 2013b ) that merges quantitative and qualitative data using various methodological tools and techniques.
As the purpose of this research project is to fulfill the need of more in-depth educational research on TPSR and to broaden the knowledge of its effects, the objective of this study was to detect how teachers' behavior-oriented patterns shifted in response to CPD to reinforce TPSR strategies.
MATERIALS AND METHODS

Research Design
Although current pedagogic discourse points out the importance of integrating qualitative and quantitative data using mixed methods research (Creswell, 2003 (Creswell, , 2015 O'Cathain et al., 2010) , numerous researchers still struggle to merge the two approaches and restrict their research to instruments (i.e., only questionnaires) and data (only quantitative or qualitative) of the same etiology. Fortunately, in the last decade some researchers of pedagogical models-and more specifically the TPSR modelhave implemented mixed methods approaches, for example, within the PE context (Escartí et al., 2010b; Gordon, 2010; Hemphill et al., 2015) . Thus, by incorporating observational methodology, we also used a mixed methods approach because we had already demonstrated its effectiveness in previous research Castañer et al., 2012 Castañer et al., , 2016a Anguera et al., 2014 Anguera et al., , 2017 Casarrubea et al., 2018) .
There is a lack of observational methodology in research relating to TPSR. Therefore, we used systematic observational methodology (Anguera, 2003) , which has proven to be effective in teacher strategies and communication analysis (Castañer et al., 2010 (Castañer et al., , 2013a (Castañer et al., , 2016b Alves Franco et al., 2013; Torrents et al., 2013) , combined with perceived behaviors by teachers themselves. T-pattern detection and polar coordinate analysis exemplify the most powerful specific techniques of observational methodology which has proven to be effective in previous research (Castañer et al., 2011; Lozano et al., 2016; Fernández-Hermógenes et al., 2017) and could provide essential input on pedagogical research.
Participants
Overall context: the study involved two different schools (one primary and one secondary schools) from a Spanish region with a similar low and middle-level socio-demographic profiles.
Teachers. Four teachers with a similar level of experience in the national educational system (between 5 and 10 year teaching in their subjects) were analyzed, who were labeled as follows:
Teacher 1, PE teacher in the first stage of secondary education (2 lessons per week for 55 min).
Teacher 2, History teacher in the first stage of secondary education (4 lessons per week for 55 min).
Teacher 3, Spanish language teacher in the final stage of primary education (4 lessons per week for 55 min).
Teacher 4, PE teacher in the final stage of primary education (2 lessons per week for 55 min).
The contents developed for each teacher (Table 1) in the different subjects where those included in the current Spanish Educational System (LOMCE, 2013). All teachers reached at least the first level of responsibility in lesson 5 and the second level in lesson 10. Teachers 1 and 4 implemented all their lessons in an indoor gym and outdoor courts. Teachers 2 and 3, implemented all their lessons in a usual classroom and a computer room. Teachers 1, 2, and 3 had been trained in TPSR and were unaware of the TPSR methodology (inexperienced teachers in TPSR). Teacher 4 was familiar with the TPSR methodology thanks to an initial training course and 3 year experience (experienced teacher in TPSR).
Students. The study also involved 120 students (57 females and 63 males) aged between 11 and 16 (M = 13.8 years, SD = 2.3), who were taught by the four participant teachers, no one of them had previous experience with TPSR and were selected based on accessibility and convenience. For student age selection, as a point of interest we included the first stage of secondary education, defined according to current legislation in Spain (LOMCE, 2013) , along with the final year of primary education, which would mark the boundary between the penultimate and final stages of Piaget's cognitive development (Piaget and Cook, 1952) .
The study was carried out in accordance with the Declaration of Helsinki and was accepted and verified by the Ethics Committee of the University of Murcia, Spain (ID 1685 (ID /2017 . As the observational methodology we use is always conducted over natural context, we observed the natural development of the scholar sessions, therefore written informed parental consent was not obtained for the purposes of research participation and was not required as per applicable institutional and national guidelines. Regarding video recording, the institution has a consent form about image privacy that parents of students enrolling at the school are required to sign. All four teachers signed a consent form in order to participate in the research study, the consent obtained was both written and informed.
Materials
A mixed methods approach was followed in this study: (a) the Observational System of Teaching Oriented Responsibility (OSTOR) adapted from the Spanish version SORPS (Prat et al., 2019a,b) was used to obtain teacher behavior patterns and (b) the Tool for Assessing Responsibility-Based Education 2.0. (TARE 2.0, Escartí et al., 2015) focused on perceived behaviors of teachers and students by two external observers based on the Tool for Assessing Responsibility-Based Education (TARE, Wright and Craig, 2011) .
Observational System of Teaching Oriented Responsibility
The OSTOR (Table 2) comprised six criteria. Four criteria related to teacher actions: (1) (Expectations); (2) (Explanations); (3) (Organization); (4) (Task adjustments). One criterion related to the student: (5) (Student's responses). And a final criterion related to the last session: (6) (Session summary). Each criterion was expanded to build an exhaustive and mutually exclusive observation system that included a total of 18 categories.
Recording Instrument (LINCE)
For recording teaching behavior sequences, sessions were coded using the free instrument software LINCE (v.1.2.1) (Gabin et al., 2012) and LINCE PLUS (Soto et al., 2019) . This software program was also used for the data quality check. LINCE has been designed to facilitate the systematic observation of spontaneous behaviors in any situation or habitual context. LINCE is highly practical and easy to use, and integrates a wide range of functions: coding, recording, obtaining data quality, and enabling data export to several data analysis applications. The exported LINCE information was analyzed using two programs for data analysis: (a) THEME software package (Magnusson et al., 2016) 
Assessing Responsibility-Based Education (TARE)
Assessing Responsibility-Based Education 2.0. (TARE) by Escartí et al. (2015) was used to obtain teacher and student behaviors coding 3-min intervals. This instrument has already been applied in previous studies (Escartí et al., 2015; Ivy et al., 2018) and has a Likert scale: 0 (Absent), 1 (Weak), 2 (Moderate), 3 (Strong), and 4 (Very strong), and consists of a two-part observation scale:
Student responsibility: (1) Participation: the student is "on task, " i.e., following directions and participating in activities or tasks organized by the teacher. (2) Engagement: the student seems to have a high level of interest and motivation for the task groups of 4 students, each group does its own work on the History of rome for 5 lessons. Each lesson will have a leader who will be responsible for writing the report to be delivered to the teacher at the end of each class. * Spelling: groups of 5 students play the contest "Up the pencil". The teacher says a letter and a family or words (for example A and fruits). Each group collects as many words as possible and the leader of every group * Cooperative/ opposition games: groups of 4 students have to play an alternative games (for example "colpbol". The skillest players will help the rest of the team to get a goal.
(Continued)
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Procedure
Recording Procedure
A camera was installed in the classroom six sessions prior to commencement to familiarize students and avoid nonspontaneous behaviors. An initial session of all four teachers, pre-intervention session (the experienced teacher in TPSR and the inexperienced ones) was registered and coded. The three inexperienced teachers then undertook a TPSR course based on an intensive teacher training process. After training, one weekly session of all four teachers was registered and coded (44 sessions, 11 for each teacher) over a 2-month period. In addition, the research team assessed the teachers on a weekly basis, giving feedback through a written online document and in a one-toone meeting, and providing suggestions for improved model implementation from the results obtained. Teaching behavior sequences were analyzed from the moment the teacher effectively started the session, that is, disregarding the time spent checking the attendance list.
For appropriate training in using OSTOR, before the full data set was coded, two expert observers recorded one session per teacher, which was not included in the final sample. Intraand inter-observer reliability was calculated from that session in LINCE, resulting in a kappa statistic of 0.95 for inter-observer and 0.98 for intra-observer analysis.
Specific Teacher Training
The correct implementation of any program requires specific teacher training (Lee and Choi, 2015) . Inexperienced teachers were trained in TPSR in a two-phase approach:
1. A 10-h course on TPSR theory and practice: a group of 29 teachers in Primary and Secondary school were instructed how to design classroom climates according to the model-based program, and were provided with global and specific strategies for the development of responsibility in PE. Firstly, they received the theoretical foundations of TPSR Model, the lesson structure, the five different levels of responsibility, the general strategies and specific strategies for teaching responsibility, the strategies for solving problems. Secondly, the teachers acted like students in a practical lesson based on the TPSR Model. Teachers were splitted up in two groups, one of them was made up of physical education teachers (12 teachers) and implemented a practical lesson in a sports court. The other group (17 teachers) was made up of those teachers who taught other subjects such as Mathematics, Literature, Spanish Language, Historic, etc., and implemented a lesson in a classroom. The main changes done in the group of teachers in the classroom were: (i) part 3 and 4 of the lesson structure were jointed, and (ii) some new strategies were incorporated to improve teaching responsibility levels in the classroom. For example, to promote level 2, the "petals blackboard" strategy was created, where a flower without petals is drawn on the blackboard and students must complete the class activities to achieve the petals, making a count at the end of the lesson to show the values of participation and effort reached. Eventually, their knowledge was assessed both with a multiple choice questionnaire and by completing a lesson implementing in their subject. 2. Continuous training: three teachers who were interested in following the TPSR study, had signed a consent form and their respective schools had a consent form signed about image privacy of students and were enrolled throughout the 2-month program, the main researcher met with them before and during implementation. Beforehand, the teachers outlined the sessions they planned to carry out with the responsibility strategies; the main researcher then assessed the session and provided appropriate (or correcting or guiding) feedback.
The goal was to develop a class climate to promote responsibility through the application of TPSR. Students learned responsibility progressively, moving through the different levels (Escartí et al., 2013) . Each session format followed Hellison's (2011) five-part proposal: (1) Relational time; (2) Awareness talk; (3) Physical activity plan; (4) Group meeting; and (5) Reflection time (for students to self-assess their own responsibility). Teachers used both general strategies (e.g., being an example of respect, setting expectations, providing opportunities for success) and specific strategies (e.g., redefining success, personal work plans, responsibility for students of other groups) to implement TPSR. They also used strategies to solve individual conflicts (e.g., progressive separation from the group) and collective conflicts (e.g., accordion principle) thereby fully integrating TPSR in their PE classes (Escartí et al., 2013) . In addition, at the end of each session, teachers also had to self-assess their performance using the TARE (Wright and Craig, 2011) to encourage reflection on the implementation of the model-based program, answering in a dichotomous (yes/no) scale. Hastie and Casey (2014: p. 423 ) believe that researchers need to provide: (a) a rich description of the curricular elements of the unit, (b) a detailed validation of model-based program implementation, and (c) a detailed description of the "program context" for readers to acquire an exact and comprehensive understanding of the research design and the outcomes obtained.
Fidelity of Implementation
Parts (a) and (b) have already been detailed in the "Specific teacher training" section. For a detailed validation of model implementation, the research team videotaped one session every week (40 lessons), apart from an initial session before the implementation program.
These video recorded lessons were analyzed independently by two external observers using the TARE 2.0 instrument (described in the "Assessing Responsibility-Based Education TARE" section). They were two university researchers who had more than 5 years of experience in this kind of analysis and were trained following the sequence established by Wright and Craig (2011) . First, explanation and clarification of the meaning of each of the categories of the tool (they were put in different situation examples to distinguish them clearly). Second, the observers together watched two complete classes implementing the TPSR (corresponding to a two lessons applied in a different school not related to the present study) using TARE 2.0. Third, the results of the observers were shared to unify criteria. Fourth, when observers obtained an inter-reliability of 80%, we took such interreliability to be satisfactory, thus that the observers were ready to start the analysis of the study sessions.
Data Analysis
From the 44 sessions that were systematically observed, the preintervention (k = 4) and final sessions (k = 4) of each teacher were analyzed to obtain teacher behavior patterns using OSTOR and TARE 2.0 instruments (124 × 3-min intervals). On the other hand, to get to know the strategies used by teachers to promote responsibility and the differences between subject areas, all the TPSR intervention sessions (40 lessons/632 × 3-min intervals) using TARE 2.0 were analyzed.
Data analysis was conducted using two particularly fitting techniques for analyzing such complex teaching behaviors in order to obtain detailed sequences of instruction: (a) T-pattern detection and (b) polar coordinate analysis. Both techniques pinpointed synergies in terms of the behaviors obtained. The differences over the implementation program and between teacher behavior and student responses subject areas were analyzed by means of TARE 2.0.
T-Pattern Detection
T-pattern detection (temporal pattern detection) (Casarrubea et al., 2015; Magnusson et al., 2016 ) is a relevant data analysis technique in systematic observation. The function of T-pattern analysis is to detect repeated behavioral patterns that are invisible to unaided observers because the temporal structure of complex behavioral sequences is composed of observable event-types (Magnusson et al., 2016) . THEME software is a powerful research tool for obtaining T-patterns using an evolution algorithm which compares all patterns and retains only the most complete. Because any basic time unit can be used, behavioral structures can be explored in detail and stronger connections between successive recorded behaviors are revealed. T-pattern detection has been successfully used in several research fields Pérez-Tejera et al., 2018) to reveal hidden behaviors and underlying pedagogical actions (Castañer et al., 2010 (Castañer et al., , 2013a 2016b; Rodríguez-Dorta and Borges, 2017; Prat et al., 2019a) . In sum, T-pattern detection is an analysis technique that scrutinizes all coded behaviors and their combinations, revealing which ones establish a behavior pattern that appears several times throughout the observed sessions. THEME software (Magnusson et al., 2016) detects T-patterns from the most to the least complex in relation to the number of branches (dendrogram diagram) that comprise the pattern.
Polar Coordinate Analysis
Polar coordinate analysis was developed by Sackett (1980) and later improved by Anguera (1997) . It involves the detection of significant associations between a focal behavior (the behavior of interest) and conditional behaviors (the other behaviors analyzed). Polar coordinate analysis provides a vectorial representation of the complex network of interrelations between carefully chosen, exhaustive, and mutually exclusive defined criteria of behaviors. It is a powerful data reduction technique that is increasingly being used in studies (Castañer et al., 2016a López Jiménez et al., 2016; Arias-Pujol and Anguera, 2017) .
As stated in previous research (Castañer et al., 2016a) , Figure 1 gives a graphical explanation of how to interpret the associations between the focal behavior (F), placed in the center of the figure, and the conditional behaviors in each quadrant. The association is shown both quantitatively (length of vector) and qualitatively in quadrant I, II, III, or IV, as follows:
Quadrant I (++). The given and conditional behaviors are mutually excitatory.
Quadrant II (− +). The given behavior is inhibitory and the conditional behavior is excitatory.
Quadrant III (− −). The given and conditional behaviors are mutually inhibitory.
Quadrant IV (+ −). The given behavior is excitatory and the conditional behavior is inhibitory.
FIGURE 1 | Graphical explanation of how to interpret polar coordinate quadrants (Castañer et al., 2016a, p. 5) .
Data Analysis From TARE TARE 2.0 offers descriptive statistics analysis conducted to obtain the values of teacher intervention and student responses. In turn, these values provided an assessment of the extent to which teachers promoted responsibility throughout their lessons. Inter-reliability was obtained using the agreements/(agreements + disagreements) × 100 (García-López et al., 2012). The total agreement for teacher behaviors was 84.7% and for student behaviors 82.8% before starting the analysis of the lesson in the present study.
A descriptive analysis of the TPSR strategies used by teachers to promote responsibility was carried out with the 40 implemented lessons (632 × 3-min intervals). Normal distribution was verified using the Shapiro Wilk test (p > 0.05), before applying T test for related samples to obtain differences between pre-intervention and last lessons of the TPSR implementation for each teacher (between 14 and 16 × 3-min intervals per teacher in the pre-intervention lessons and 15 and 17 × 3-min intervals in the last lessons). Finally, after verifying the normal distribution with the Kolmogorov-Smirnov (p > 0.05), a T test for independent samples was then conducted for each strategy to contrast the results between the different subject areas (316 × 3-min intervals of physical education lessons versus 316 × 3-min intervals of other subjects). The software used for the analysis was IBM SSPS 22.0.
RESULTS
Strategies Used by Teachers to Promote Responsibility
To evaluate the instruction and treatment validity, the use of strategies to promote responsibility, the Likert scale value (0-4) of the nine teacher categories measured by the TARE 2.0 was assessed ( Table 3) . The descriptive analysis reflected values above zero in all the variables studied. The mean every 3-min intervals for each strategy was always above zero and greater than one except for the strategies 'transfer' and 'leadership' of participant 3.
Initial and Final T-Patterns Detected
From the total of T-patterns detected, we selected a common T-pattern obtained from the four initial and four final sessions of each teacher (Figure 2) . This common T-pattern is relevant because all sets of behaviors that comprise the 21 branches of the T-pattern tree include student behavior of Autonomy (AUT). Some of these sets also contain Shared (SHA) and Suggestions (SUG) associated with Autonomy (AUT). The left side of Figure 2 shows the practical nonexistence of those behaviors in the four initial sessions of all teachers, including the experienced teacher (teacher 4) (pre-intervention). Those initial sessions were compared with the four final sessions which show many of those behaviors, as seen on the right side of the 
Mixing T-Patterns and Polar Coordinates
Because our methodological aim is a mixed-method approach, we decided to offer a new graphical depiction that clearly connects and contrasts T-pattern and polar coordinate data of both the initial and final sessions of the teachers (Figure 3) . We selected a total of eight images for this new understanding of data contrast from the T-pattern and polar coordinate connection. The left side of the images includes a T-pattern related to the polar coordinate obtained, which in turn appears on the right side of the image.
All polar coordinate analysis was conducted taking the behavior of Autonomy (AUT) as the focal behavior, because it is an essential part of the TPSR model. Furthermore, the autonomy of the students gained relevance in the common T-pattern shown in Figure 2 .
TARE Results
Contrasting Pre-intervention and Final Sessions
The results of TARE 2.0, obtained from the two observers (Table 4) , show the differences between the variables of the pre-intervention session (first rows), before commencement of TPSR, and the final session (second rows), using TPSR. The categories differentiate both types of participants: teacher and student. significant differences in most behaviors of teacher 1, 2, and 3, except in the respect model (teacher 1 and 2), transfer (teacher 1) and assigning tasks and leadership (teacher 3). For teacher 4, no differences were found, other than in fostering interaction and role in assessment. The student observation section of TARE 2.0 revealed statistically significant differences in most behaviors of teacher 1, 2, and 3, except in showing respect (teacher 2 and 3) and helping (teacher 2). For teacher 4, no differences were found other than in engagement and leading.
Differences Between Subject Areas
As for the subject areas taught by the four teachers ( Table 5) , analysis of the 40 sessions (the first four pre-intervention sessions were excluded) in which the TPSR model was applied show statistically significant data (p < 0.01) in favor of PE in relation to the following behaviors: respect model, leadership, encouraging and leading. However, History and Spanish Language subject sessions obtained statistically significant data in favor of them in relation to the behavior of interaction, giving choices, transfer, respect (p < 0.001), asking for help (p < 0.01), and for cooperating (p < 0.025).
DISCUSSION
The aim of our study was to detect how teachers' behaviororiented patterns shifted in response to CPD, thereby reinforcing the implementation of the TPSR (Hellison, 1978) included in the SPM depicted at the beginning of the paper. We obtained significant results in relation to the process of TPSR acquisition in two interesting aspects:
1. After specific teacher training in TPSR (Lee and Choi, 2015) and subsequent assessment, how did each teacher adapt their teaching strategies in their teaching sessions? Analysis results indicate that, for the three teachers who received training in the methodology and for the students, most behaviors reflected improved observation (OSTOR) and statistical significance (TARE) with the application of the TPSR model. Results for the experienced teacher highlighted the application of more diversified TPSR model strategies in the final session and only got better scores in a few strategies because he was already near the maximum possible developmental stage. Overall, the evolution of each teacher tended toward an increase in strategies to encourage responsibility by the students, in line with Escartí et al. (2018) , where the TARE behaviors are correlated between the teachers who apply TPSR and student behaviors. 2. Are there differences according to subject area? Regarding the aspect of subject area taught, we would point out that the best results from TARE relating to respect model, leadership, encouraging and leading behaviors appear in PE sessions. We believe this is because PE intrinsically addresses student autonomy (Moreno-Murcia et al., 2008; Aibar et al., 2015) . The subject areas of History and Spanish language obtain better results in interaction, giving choices, transfer, respect, asking for help, and cooperation behaviors. This could be, because in these areas teachers promote problem-solving activities oriented to achieving transference to real life (Puigarnau et al., 2016) . FIGURE 3 | T-pattern and polar coordinate data of both the initial and final sessions of the teachers.
Despite these interesting aspects, we have continued to delve into connections with the data obtained by means of the mixed-method approach. Essential data emerge from the T-patterns obtained and from polar coordinate analysis of the observed behaviors of each teacher and their students through comparisons of initial and final sessions. The TARE tool was integrated into this mixed-method approach to detect the responsibility levels established (Hellison and Wright, 2003) and to conduct continued assessment (Hemphill et al., 2015) .
The Evidence of How Teaching Behavior Patterns Shift
We obtained a common and complex T-pattern (Figure 2 ) that we consider highly relevant because all 21 sets of behaviors included student autonomy. This result reinforces the statement that promoting autonomy attitudes from students is a pillar of the TPSR model (Hellison, 2011) . In this common T-pattern, along with the student's autonomy, another two essential pillars of the TPSR model, and also considered in the TARE tool, appeared: the teaching behaviors of sharing explanations and suggestions (Wright and Craig, 2011; Escartí et al., 2015) . This common T-pattern is nonexistent in the initial sessions of the teachers. Though not linked sequentially, only the behaviors of autonomy, sharing explanations, and suggestions appear in order to create a T-pattern. A proactive change toward TPSR strategies is fully visible in the final sessions of all the teachers when this T-pattern is significant and is even more diversified in the experienced teacher.
The Evidence of Linkage Between Teacher Strategies and Student Responses
A significant T-pattern and polar coordinate analysis was selected for the initial and final session of each teacher. The contrast of T-patterns and polar coordinate analysis between the initial and final sessions clearly reveals a proactive shift in TPSR implementation. However, in order to show the potential of the mixed-method approach (Anguera et al., , 2014 Castañer et al., 2013b) , we decided to explore a new way for an easier understanding of both techniques. We created a new graphical depiction integrating the polar coordinate and T-pattern figures, because the technique of polar coordinate analysis reinforces the results obtained from T-pattern analysis. While T-pattern analysis reveals how behaviors change over time, polar coordinates detect which behaviors are mutually activated or inhibited (Arias-Pujol and . The integrated figures show that all teachers experienced a considerable shift in their teaching strategies from directive and controlling intervention, with negative assessments that generate reproduction responses from the students, toward participatory intervention that promotes autonomy responses from the students. The three methodological tools used in this study highlight the same process of pedagogical optimization that promotes student involvement and responsibility (Lorente and Kirk, 2016; Prat et al., 2019a,b) .
CONCLUSION
The mixed-method approach followed in the current study reveals the benefits that can be achieved with TPSR in an educational context for the improvement of values, as identified by several studies such as that by Pozo et al. (2016) . Moreover, TPSR has been shown to be appropriate for facilitating CPD for teachers (Hemphill et al., 2015) . Finally, this type of methodology indicates that TPSR implementation is possible for PE as well as other school subjects (Escartí et al., 2018) , thereby enabling the teacher to achieve improved behavior interaction and assessment in class and providing students with better opportunities to acquire educational values such as engagement and leading. This study leads us to conclude that social responsibility behavior changes in students (Lorente and Kirk, 2016) , based on the TPSR model, provide a favorable framework for activating encouraging and leading behaviors in PE and respect, cooperating and asking for help behaviors in other subject areas. Therefore, the ongoing and continuous application of these educational and pedagogical intervention strategies to educational programs promotes responsibility and autonomy that are a primary objective of education (Belando et al., 2012) .
Prospective Future Lines
This study a systematic method for objectively analyzing the process of teacher optimization in TPSR. We therefore believe that it can serve as a reference framework for studies focusing on the essentials of education:
1. for teachers:
a. Enacting action research that focuses on understanding educational environments in order to innovate and optimize the quality of education linked to pre-service teachers (PSTs). It provides a cyclical and systematic approach to problem-solving that encourages teachers to solve their educational problems through reflectionaction (Gibbs et al., 2016) ; b. Optimizing communicative competencies of teachers.
High communicative competency in the teacher will result in a higher quality of interaction for the student because the processes of teaching and learning are essentially communicative processes (Barbat, 2008; Castañer et al., 2013a) . We believe that OSTOR, the observational instrument of this study, could be extended by means of existing specialized observational systems, such as SOCIN and SOPROX, to detect kinesic and proxemic behaviors, respectively (Castañer et al., 2013a (Castañer et al., , 2016b .
2 for students:
a. Strengthening self-esteem because it is an integrated set of cognitive, affective, and attitudinal factors that also highlight effectiveness. Therefore, the criteria contained in the TARE could be expanded to include studies that point to reinforcing student self-esteem (Legault et al., 2006) . b. The acquisition of autonomy and responsibility in education could be framed within the SelfDetermination Theory (STD, Ryan, 2000, 2012) , as stated in previous studies (Puigarnau et al., 2016) . This theory claims that there are three basic psychological needs (competence, autonomy, and relatedness), the satisfaction of which increases intrinsic motivation and personal well-being.
In sum, as Tissington and Senior (2017) point out, carrying out pedagogical research is essential for effective learning. We believe our study offers a systematized observational tool and two specific techniques that can enhance pedagogical research.
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